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#< (57) Abstract: Provided is an endoscopic tool restraint for restraining longitodinal movewent of an endascopic tool with respect lo
=~ a dista] port of an endoscope chanmel (hrough which the tool can be dismlly advanced and proximaily retracted longidinally. The
Jostraint incdiodes at Jeast one restraining oember disposed at least as digmlly a5 the endoscope channel distal port. ‘The restraining
member i positioned in spatial correspondence with the distal pert to engage the ool when a distal cnd of the tool extcnds distally
o beyond the restraining socmber. This provides the ability to maintain the distal end of an endoscopic too) such as a guidewire in-po-
3 sition with respert ta the distal port of the endoscope. enabling, .£-. 2 working catheter to be withdrawn over the guidewire, twongh

the endoscope, from the site while the guidewire remains in jts intended position atthe site
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ENDOSCOPIC TOOL RESTRAINT

BACKGROUND OF THE INVENTION
5 ) This invention relates to medical catheterization techniques, and more
particularly relates to endoscopes and to endoscopic tools such as guidewires
used during catheter exchange procedures. '
In a typical cathsterization.procedm carried out for, e.g.,

gastrointestinal or cardiovascular diagnosis or treatment, an endoscope or

10 guide catheter is first introduced into an internal body lumen and its distal
port then advanced to the vicinity of a diagnostic or treatment procedure site.
A working catheter to-be eamployed in the course of the procedure is then
guided to the procedure site through the working channel of the, say,
endoscope. Typically, the working catheter, being of a relatively flexible

» 15 material, is first partially advanced over a more maneuverable endoscopic tool

such as a gnidewire and the assemhly then advanced through the working
channel of the endoscope to the procedure site. Here the advancing, i.e., distal,
tip of the guidewire extends beyond the distal end of the working catheter.
This enables a physician to successfully mampulate the more maneuverable

20 guidewire through the endoscope to the mtended procedure site and then to

. fully advance the working catheter over the guidewire to the site.
Alternatively, the guidewire is alone advanced through the endoscope to the
site and then the working catheter is guided over the guidewire to the site. In

a typical procedurs configuration, the guidewire distal tip 18 positioned beyond

25 the distal port of the endoscope and beyond the procedure site and the distal
end of the working catheter is advanced beyond the distal port of the
endoscope to the procedure site. Once positioned, a procedure step employing
the working catheter can be carried out.

Bocanse a given working catheter typically is custon:nzed for a smgle
30 activity, such as arterial balloon dilation or tissue biopsy, it is frequently
- necessary to exaploy several different working catheters during a diagnostic or

‘treatment procedure. As a result of this customization, multiple worklng
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2 .- . .
catheters are commonly needed to accomplish variouns steps of a diagnostic or

treatment procedure.

~ During a procedure involving the use of multiple working catheters, a
first working catheter iz guided to the procedure site over a guidewire and
ﬂu'ough an endoscope in the manner described above, and once the procedure
step employing that catheter is complete, the catheter is withdrawn from the
site over the guidewire and out the endoscope, which is conventionally
maintained in the body lumen throughout the procedure. The guidewire is

" preferably maintained in-position in the endoscope at the procedure gite

during withdrawal of the warking catheter from the site. A next working

catheter to be employed is then advanced over the in-position guidewire,

through the endoscope, to the procedure site, to carry out the next step of the
procedure. This working catheter advance-withd:awal—adyance scenario may
need to be carried out many times during the course of a procedurs to
accomplish all of the procedure steps, and typically is to be accomplished with
minimal delay, thus the general use of the description “rapid eatheter
exchange” for this technique. Maintenance of the guidewire in-position at the
procedure site facilitates speed of catheter placement while ensuring that each
catheter employed during the procedure is directed to the precise site location.
Due to the typically small clearance between a guidewire and the
internal walls of a working catheter threaded on the guidewire, withdrawal of
a catheter from the procedure site can tend to also frictionally pull the
guidewfre back from the site. Bends in the endoscope through which the
catheter is withdrawn and other factors can also add to an undesirable pulling
back of the guidewire from the procedure site as a catheter is withdrawn. This
can result in partial or complete withdrawal of the guidewire from the
procedure site and even out of the endoscope, requiring reintroduction of &
guidewire to the procedure site to ensble further catheter introduction.
Guidewire contamination, misplacement at the procedure site, and delays in

procadure can result.

41008
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SUMMARY OF '1‘3HE INVENTION
The present invention provides the ability to maintain the distal end of
a guiding tool such as a guidewire in-position with respect to an endoscope
distal port at an internal procedural site, enabling, a.g., a working catheter to
be withdrawn over the guidewire, through the endoscope, from the site. This
ig accomplished with an endbscopic tool restraint provided by the invention for
restraining longitudinal moverment of an endoscopic tool with respect to a

 distal port of an endoscope channel through which the tool can be distally

advanced and proximally retracted longitudinally The reatraint includes at
least one restraining member disposed at least as distally as the endoscope
channel distal port. The restraining member is positioned in spatial
correspondence with the distal port to engage the tool when a distal end of the
tool extends distally beyond the restraining member.

" The restraining member can be configured with a contact surface for
making direct contact with the endoscopic tool at least as distally as the
endoscope channel distal port. This conSguration is particularly well-suited
for a scenario in which a catheter i located in the endoscope channel, over the
tool, when a distal end of the catheter is proximate the coutact surface and a
distal end of the toolhexten.ds distally beyond the contact surface. The contact
surface can be oriented with vespect to the distal port of the endoscope to exert
against the tool, when in contact with it, sufficient contact force to restrain
longitudinal moverent of the tool when a catheter is Iongitudinally moved
over the tool within the endoscope channel and a distal end of the catheter is
proximate the restraining men’iber.

The endoscopic tool restraint can be employed with a wide range of
tools, including, e.g., a guiding tool, such as a guidewire. The adaptability of
the restraint configuration enables customization of the restraint for a given
application, endoscopic tool, and endoscope configuration, including side-view
endoscope configurations and multi-channel endoscope configurations. For

"example, the restraining member can be connected to an exterior wall of the

endoscope by a restraining connector, but such is not required. The

@009
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restraining member can be provided as a plurality of restraining members

which are each positioned in spafial correspondence with the distal port to
engage the tocl when a distal and of the tool extends distally beyond the
restraining members.

A restoring member can be connected between the restraining member
and the endoscope. This restoring member, prowded as, e.g., a apring element, -

' can be connected in a condition that opposes engagement of the tool by the

restraining member or in a condition that effects engagement of the tool by the
restraining member.

A restraining member activator or de-activator can be connected to the
rostraining member, and extended praximate a proximal port of the endoscope
channel. Such an activator or de-activator can be provided in a ccmdltlcm,
when actuated at a prox:lmal end, that effecks or opposes, respectrvely,
engagement of the tool by the restraining member. A pull cord, positioned
within the endoscope chanuel or positioned exterior to the endoscope channel,
can be employed as such a restraining member activator or de-activator. |

The restraining member can be disposed at the distal port of the

endoscope channel and/or distally beyond the channel distal port. Ifit is

disposed distally beyond the port, then preferably a restraining member
connector is connected between t’t;e restraining member and an exterior wall of
the endoscope. '

In en example embodiment provided by the invention, the restraining
member is a gripper lip provided in a restraining cap over the distal port of the
endoscope channel. The gripper lip can jnclude a circumferential lip passage
in which is provided a pull cord that extends proximally from the lip passage to
a proxm)al end of the endoscope for activation of the gripper lip to engage the
endoscopic tool when the pull cord is proximally actuated.

In & further embodiment, the restraining member is a gripper tube
provided in a restraining cap over the distal port of the endoscope. The gripper
tu_'be can extend distally beyond the endoscope channel distal port or
proximally, interior to the endoscope ch_annel_. The tube can include a

010
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5
circurnferential tube passage in which is provided a pull cord that extends

proximally from the tube passage to a proximal end of the endoscope for
ackivation of the gripper tube to engage the endoscopic tool. The tube can
farther be adapted with a restoring spring in the gripper tube that is provided

5 in a condition that biases the gripper tube to effect engagement of the
endoscopic tool when the pull cord is proximalljr' actuated.

In a further embodiment, the restraining member is a restraining wedge
that is disposed distaily to the endoscope channel distal port. The wedge is
connected to a pull cord that extends proximally through the E;ndoacope

10 . channel to a 'proximal end of the endoscope. The wedge is sized to engage the
endoscopic tool when the pull cord is proximally activated. A restoring band
can be connected between the wedge and an exterior wall of the endoscope. A
plarality of restraining wedges can be provided, each disposed distally to the

ndoscope Mel distal port and connected to a pull cord extending .

15 proximally through the endoscope channel to a proximal end of the endoscope.
Here the restraining wedges are sized to engage the endoscopic tool when the
pull cord is promma]ly activated.

. In an alternative embodiment, the restrmmng member is provided as '
. two restraining cams that are each disposed distally to the endoscope channel

20 distal port. The cams are connected to a pull cord extending proximally
through the endoscope channel to a proximal end of the endoscope. The
restraining cams are sized to engage the éndoscopic tool between them when
the pull cord is proximally a¢tivated. A bias spring can be connected to each of
the cams to bias them apart. Additionally, each cam can include a magnetic

25 material portion that attracts the two cams toward the endoscopic tool. In a
similar configuration, the restraining member can be provided as a pair of
grippers, where each gripper in the pair includes a distal grip and 2 praximal
grip. Both distal and proximal grips are disposed distally to the endoscope
channel distal port and both grippers in the pair are connected to a spring -

30 element to bias the distal grips toward each other.
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In a further embodiment, the restraining member is a plate hinged at

one edge at the distal port of the endoscope channel. The plate includes a
passage that can be aligned with the distal port by rotation of the plate. The
plate is connected by a spring to an exterior wall of the endoscope at a plate
5 edge that is opposite the hinged plate edge. The spring is biased to maintain
the plate in a position that effects engagement of the endoscopic tool by a wall
of the plafe passage. The plate is connectad to a pull cord that extends
praximally though the endoscope chanmel to a proximal end of the endoscope
" for bpposing engagement of the tool when the cord is proximally actuated.
10 The endoscopic tool restraint of the invention can further be provided as
- a restraining busbing that is disposed distally to the distal port of the
endoscope. The bushing is clastically connected to a bushing housing that
accommodates rotation of the bushing. The bushing includes a passage that
can be aligned with the endoscope distal port by the rotation of the bushing.

15 The bushing is connected to a pull cord that extends proximally through the
endoscope channel to a proximal end of the endoscope for rotating the bushing -
when the cord is proximally actuated.

The endoscopic tool restraint of the invention can further be provided as
. an elastically deformable gripper sidewall that is connected to a restraining

20 cap over the distal port of the endoscope. The gripper sidewall includes a pivot
portion at which the sidewall can pivot proximally toward the endoscope
chanmel distal port. A pull cord is connected to the gripper sidewall and
extends proximally through the endoscope channel to a proximal end of the
endoscope for rotating the sidewall when the cord is proximally actuated. A

25 contact wall can be provided in the restraining cap opposite the gripper
sidewall and extending for a length sufficient to enable engagement of the
endoscopm tool between the gripper sidewall and the contact wall when the
gnpper sidewall is rotated.

A wide range of endoscope configurations and endéscopic procedures are

30 accommodated by the restraint configuration of the invention. With regard to

the nse of endoscopic tools such as guidewires, the invention is particularly
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well-suited to enable rapid catheter exchange without the need for overly-long

guidewires, exchange guidewires, or guidewire extensions. Other features and
advantages of the invention will be apparant from the following description

‘ and accompanying figures, and from the claims. |

5 _ BRIEF DESCRIPTION OF THE DRAWINGS
' I"xgs 1A-B are partial cross-sectional views of an endoscope, having a
guidewire restraining cap provided by the invention at the distal port of the
endoscope, in a condition where a catheter and guidewire are distally advanced
beyond the distal port of the endoscope, and in a condition where the cap is

10 restraining the guidewire as the catheter is proximally withdrawn,
respectively; 7 _

Fig. 1C is an end view of an endoscope distal port, looking proximally,
including the restraining cap of Figs. 1A-B provided with optics and fluidic

. ports; -

15 Fig. 1D is a partial cross-sectional view of an adaptation of the
guidewire restraining cap of Figs. 1A-B provided in accordance with the
invention;

Figs. 2A-C are partial cross-sectional views of an endoscope, having a
guidewire restraining cap with endoscope-inteinal pull cord-actnated gripper

20 - lip provided by the invention at the distal port of the endoscope, in a condition
where a catheter and guidewire are distally advanced beyond the distal port of
the endoscope, in a condition where the catheter is proximally withdrawn mto
the endoscope working channel, and in a condition whers the gripper lip is
restraining the guidewire as the catheter is proximally withdrawn,

2s respectively;

Figs. 2D-E are each end views, looking proximally, of an endoscope
including the restraining cap of Figs. 2A-C here adapted such that the pull
cord-actuated gripper Hp 1s composed of discantinuous segments; in a conditian
where the gripper lip is not actuated, and in a condition where the gripper lip

30 is restraining the guidewire, respectively;
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8
Figs. 3A-C are partial cross-sectional views of an endoscope, having a

guidewire restraining cap with endoscope-external pull cord-actuated gripper

| Lip prov1ded by the invention at the distal port of the endoscope in a condition

where a catheter and guidewire are distally advanced beyond the distal port of
the endoscope, in a condition where the catheter ; 1s proximally withdrawn into
the endoscope working channel, and in a condition where the gripper lip is

" restraining the guidewire as the catheter is proximally withdrawn,

respectively;

Figs. 4A-C ave partial cross-sectional views of an endoscope, having a
guidewire restraining cap with pull cord-actuated external gripper tube
provided by the invention at the distal port of the endoscope, in a condition

‘where a catheter and guidewire are distally advanced beyond the distal port of

the endoscope, in a condition where the catheter is proximally withdrawn into
the endoscope working channel, and in a condition where the gripper tube is
restraining the guidewire as the catheter is proximally mthdrawn,
respectively; '

Figs. 5A-C are partial cross-sectional views of an andoscope, having a
guidewire restraining cap with pull cord-actnated internal gripper tube
provided by the invention at the distal port of the endoscope, in a condition
where a catheter and guidewire are distally advanced beyond the distal port of
the endoscope, in a condition where the catheter is proximally withdrawn into
the endoscope working channel, and in a condition where the gripper tube is
restraining the guidewire as the catheter is progimally withdrawn,
respectively;

Figs. 6A-C are partial cross-sectional views of an endoscope, having a
guidewire restraining piston-gripper tnbe provided by the invention at the
distal port of the endoscope, in a condition where a catheter and guidewire are
dnstally advanced beyond the distal port of the endoscope, in a condition where

_the catheter i 15 proximally withdrawn into the endescope working chanmnel, and

in a condition where the gripper tube is restraining the guidewire as the
catbeter is proximally withdrawn, respectively;
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9
Figs. 7A-C are partial cross-sectional views of an endoscope, having a

pull cord-actuated guidewire restraining piston-gripper tube provided by the
invention at the distal port of the endoscope, in a condition where a catheter
and guidewire are distally advanced beyond the distal port of the endoscope, In
a condition where the cathster is proximally withdrawn into the endoscope
working channel, and in a condition where the gripper tube is restraiming the
guidewire as the catheter is proximally withdrawn, respectively;

Figs. 8A-C are partiél cross-sectional views of an endoscope, having a
pull cord-actuated guidewire restraining wedge provided by the invention at
the distal port of the endoscope, in a condition where a catheter and guidewire
are distally advanced beyond the distal port of the endoscope, in a condition
where the catheter is progimally withdrawn into the endoscope working
channel, and in a condition where the wedge is restraining the gmdewn-e as
the catheter is prommally withdrawn, respectively; _

Figs. 9A-C are partial cross-sectional views of an endoscope, having a
pull cord-actuated and elasticaily biased restraining wedge provided by the
invention at the distal port of the endoscope, in a condition where a catheter
and guidewire are distally advanced beyond the distal port of the endoscope, in
a condition where the catheter is proximally withdrawn into the endoscope
working channel, and in a condition where the wedge is restraining the
guidewire as the catheter is proximally withdrawn, respectively;

Figs. 10A-C are partizal cross-sectional views of an andoscope, having
two pull cord-actnated and elastically biased restraining wedges provided by
the invention at the distal port of the endoscope, in a condition where a
catheter and guidewire are distally advanced beyond the distal port of the
endoscope, in a condition where the catheter is prozimally withdrawn into the
endoscope working channel, and in'a condition where the wedges are
restraining the guidewire as the catheter is prozimally withdrawn,
reépectively; '

Fige. 11A-B are partial cross-sectional views of an endoscope, having

_ two pull cord-actuated and elastically biased cooperating cams provided by the

@015
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10 .
invention at the distal port of the endoscope, in a condition where a catheter

and guidewire are distally advenced beyond the distal port of the endoscope,
and in a condition where the cams are restraining the guidewire as the
catheter is proximally withdrawn, respectively;

Figs. 12A-B are partial cross-sectional views of an endoscope, having
two elastically biased cooperating grippers provided by the jnvention at the
distal port of the endoscope, in a condition where a catheter and guidewire are
distally advanced beyond the distal port of the endoscope, and in a condition
where the grips are restraining the guidewire as the catheter is proximally
withdrawn, respectively; . '

Figs. 13A-B are partial cross-sectional views of an endoscope, baving a -
pull cord-de-actuated and elastically biased guidewire restraint plate provided
by the invention at the distal port of the. endoscope, in a condition where a
catheter and guidewire are distally advanced beyond the distal port of the

endoscope, and in a condition where the plate is restraining the girridewire as

' the catheter is proximally withdrawn, respectively;

Figs. 14A-B are partial cross-sectional views of an endoscope, having a
pull cord-de-actuated and elastically biased guidewire restraint bushing
provided by the invention at the distal port of the endascope, in a condition

" where a catheter and guidewire are distally advanced beyond the distal port of

the endoscope, and in a condition where the ball is restraining the guidewire
as the catheter is proximally withdrawn, respectively; and
Figs. 15A-C are partial cross-sectional views of an endoscope, having a

‘pull cord-actuated gripper tab in a restrainjng wall provided by the invention

at the distal port of the endoscope, in a condition where a catheter and
guidewire are distally advanced beyond the distal part of the endoscope, in a
condition where the catheter is proximally withdrawn into the endoscope
working channel, and in a condition where the pull cord is proximally actnated
to rotate the gripper tab for restraining the guidewire as the catheter is -

proximally withdrawn, respectively.
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DETATLED DESCRIPTION OF THE INVENTION

A range of configurations of the endoscopic tool restraint mechanisms of
the invention are provided and described below, including hoth passive,
automatic, and actuatable configurations, all of which can be employed with
many different tools, e.g., guidewires, needles, and other endoscopic tools. For
cla.ﬁty, the restraint mechanisms of the invention will be described and shown
in conjunction with a conventional, solid guidewire. It is to be recognized,
however, that the restraint mechanisms of the invention can be employed
ﬁth, e.g., hollow infusion guidewires that: can deliver fluids, as well as other
guidewire configurations, with guiding tools in general, and with other
elongated endoscopic tools, generally that exhibit stiffness sufficient to. render
the restraint mechanisms operable in connection with a given procedure
employing the tool. _ |

' Also for clarity, the restraint configurations will be described in

conjunction with an endoscope and a generic working catheter to be deployed
internal to the endoscope. But it is to be recognized that the endoscopic tool
restraints of the invention can be employed with guiding catheters in general,
not just with endoscopes, as well as other guiding catheter-like lumens, and is
further not limited to a particular type of working catheter.

Referring to F;g 1A, diagrammatically illustrating a first restraint

configuration in partial cross-section, there is shown the distal end of an

endoscope 10 having a working channel 12 that extends the lbng'itudinal
length of the endoscope between a proximal port, at which various control and
other conventional features can be provided, and a distal port 14. A working
catheter 16 is shown advanced over a gunidewire 18. Both the catheter and the
guidewire are within the endoscope working channel with the distal end 20 of
the catheter longitudinally extended beyond the distal port 14 of the endoscope
and the guidewire distal tip 22 extended beyond the distal end 20 of the
working catheter.

The example endoscope 10 shown in. Fig. 1A will be referred to in the
following discussion for clarity, but it is to be recognized that the guidewire
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: 12
restraint of the invention can be configured with alternative endoscope

configurations, such as a side-viewing endoscope, in which the distal port of
the endbscope is located at a point along the endoscope wall that is proxiroal of
the most distal end of the endoscope, in the conventional configuration.

<A gmaewn'e rest;rammg cap 24 is provided at the distal end of the

endoscope with an opening 26 in o the cap located in correspondence with the -
distal port 14 of the working channel 12, The opem.ng preferably consists of a
sroall hole, such as a pinhole. £ gripper lip : 28,.=.rurrom1ds the opening 26. The
restraining cap is formed of an elastic material, such as rubber, thermoplastic
elastomer, silicone, polyurethane, or other suitable material, that is '
characterized by a restoring force that tends to close the gripper lip 28 around
the opening 26. The gripper lip ¢an be provided as a molded section or, e.g., as
a ring or grommet that is molded in the cap material. The gripper lip and/or
the restraining cap can be reinforced using a suitable material such as, e.g., a
wire inesh, plastic mesh, or other material.

The restraining cap is attached to the onter wall 30 of the endoscope 10
in a robust manner, e.g., as a frictional attachment, by stretching the cap over
the distal port of the endoscope and down the exterior sidewall of endoscope,
e.g., a distance of about 0.5 inches. If desired, a lip, rim, or other
reinforcement ean be provided in the cap at its proximal end, to reinforce its
grip on the endoscope wall. Whatever attachmept technique is employed, it
preferably is sufficiently robust that the cap remains fully attached to the
endoscope during advance and withdrawal of the endoscope through an
internal bady lumen.

) Referring also to Fig. 1C, which is a view of the distal port of the
endoscope looking proximally, with the restraining eap 24 over the distal port
of the endoscope, the restraining cap can be provided with molded or cut-out
ports to accommodate use of various endoscope channels other than the

orking chanmel. For example, a first port 17 in the cap 24 can be provided to

‘enable use of endoscope optics, a second port 19 can be provided for fluid

injection, a third port 20 can be provided for fluid aspiration, and so on, with a
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distinct port provided for each channel to be operational during a procedure

' émploying the endoscope. It is contemplated by the invention that in general,

any guidewire restraint mechanism preferably provides distal ports for
enabling endoscope optics and the operation of endoscope channels in addition
to the working channel. While not exp]iciﬂs; shown, all of the guidewire
restraint mechanisms described below can be prd_vided with such.

The guidewire can be constructed in the conventional manner,
preferably of a metal that is characterized by limited longitudinal Alexibility
and torsional rigidity such that control motions applied to the proximal end of
the guidev.vire, at the proximal port of the endoscope, are transmitted to the
distal tip of the guidewire, even when that distal tip is distally extended
beyond the distal ;c;orf of the endoscope at an internal body lurnen location.
The gnidewire can be provided in the conventional manner as stainless steel,
nitinol, or ather material, and can be coated with plastic, e.g.,
polytetrafluoroethylene (PTFE), or other suitable coating. Variation in
stiffness along the guidewire length can also be provided in the eonventional
manner. The guidewire material is preferably more maneuverable than the
working catheter material. This enables the guidewire to act as a support for
ihe catheter as the catheter is advanced or withdrawn over thé guidewire. The
working catheter can be formed of any conventional catheter material, e.g.,
nylon, PTFE, polyvinylchloride, or.other suitable material.

In use, the endosespe 10 is first advanced throngh an internal body
humen to the vicinity of a procedure site, with the restraining cap 24 in place
over the distal port 14 of the endoscope. Then the guidewire 18 is advanced
through the endoscope and out the distal port 14 through the hole 26 in the
restraining cap. Sufficient longitudinal force is to be exerted on the guidewire
to overcome the restoring force of the gripper Lip 28 and thereby to push the
guidewire through the opening 26. The guidewire distal tip 22 is then
advanced to a location such as a position beyond an intendeﬁ pracedure stte.
The catheter 16 is then advanced along the guidewire through the endoscope
working channel and sufficient longitudinal force 1s to be exerted on the
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catbeter to overcome the restormg force of the gripper lip 28 and thereby to

push the catheter thmugh the restraining cap opening 26. .

In an alternative scenario, the catheter is parfially advanced over the
guidewire before the guidewire and catheter are together advanced through
the endoscope working channel and through the restraining cap opening. In a
further alternative scemirio, the catheter is advanced through the endoscope
working channel without prior advancement of a guidewire. A guidewire is
then later advanced through the catheter iffswwhen necessary to navigate a
difficult region. of an internal lamen, or to prepaxe for a catheter exchange, as
described below. Fig. 1A illustrates a configuration achieved for any of the
these scenarios, after a guidewire and a cathétar have been advanced to the
vicinity of a procedure site.

Referring to Fig. 1B, after use of the catheter at the procedure site is
completed, the catheter is partially withdrawn, such that its distal end is at a
Pposition proximate of the restraining cap 24 at the distal end of the endoscope

-10. During this partial catheter withdrawal, the proximal end of the

guidewire is preferably held steady to maintain its position at the procedure
site. This can be achievad through, e.g., manual retention by an .operator, or
through a mechanized device that is provided at, e 8- the proximal port of the

~endoscope. To enable this proximal retention, the guidewire must be

sufficiently long that the Proximal end of the guidewire extends beyond the
proximal end of the catheter as the catheter is partially withdrawn to this
Position. .

Upoxi withdrawal of the catheter proximate of the restraining cap 24,
the gripper lip 28 of the opening 26 in the restraining cap contacts the
guidewire 18 and restrains it. At this point, the catheter 16 can then be fully
withdrawn from the endoscope while the gripper lip 28 maintains the
guidewire in-position by substantially restraining longitudinal proximasl
movement of the guidewire. Retention of the proximal end of the guidewires ig
then no longer required. The restrajning cap and gripper lip materials are
characterized by a restoring force that is greater than the frictional force

@020
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hetween the catheter and the guidewire as the catheter is withdrawn over the

guidewire. This ensures that during catheter withdrawal proximate of the
cap, the guidewire is maintained at its distal position without the need for
proximal guidewire retention.

Restraint of the guidewire by the gripper lip is forther maintained asa
second catheter is advanced along the guidewire to the procedure site, Yn the
manver described above, longitudinal force is to be applied to the advancing
catheter to push the catheter through the gripper lip opening. Once the
proximal end of the catheter has been distally advanced beyond the proximal
end of the guidewire, proxima]ly. external to the endoscope, and the distal end
6f the catheter has been pushed through the gripper ip, the proximal end of
the guidewire is then preferably held steady manually as the second catheter
is dista]l}; advanced to the procedure site. As explained above, in aceordance
with the invention this condition is enahled by employing a guidewire that is
sufficiently long that its proximal end extends beyond the praximal end of the
catheter when the catheter distal end has been advariced through the gripper
Hp. .

Referring to Fig. 1D, illustrating an example adaptation of the gripper
lip and restraining cap of Figs. 14-C, the restraining cap 24 can be provided -
with an apnular indentation, or thinned region 27, that is located radially

-within the working channel radius. This indeptation 27 provides a distal
hinge location in the restraining cap. When the guidewire 18 is gripped bj the

gripper Lip 28, a condition shown in the Bigure with solid lines, the lip remasins
substantially orthogonal to the longitudinal axis of the guidewire, given the
radius of the guidewire and the size of the hole in the gripper lip. But when
both the catheter 16 and the guidewire nre distally extended through the
gripper lip 28, a condiﬁon shown in the figure with dotted lines, the gripper Lip
is pivoted hinged distally by the catheter. This pivoting of the gripper lip at its
hinge point ensures that it is flexible enough to allow pass age of the catheter, -
given that the hole in the gripper is relatively sméx]]_ The gﬁppez; Iip hole and

Bo21



i

Va-vg+12 19:06 0426 42 2291 p.22 R-774 U-547

4°04/12 19:02 PAX 0426 42 2291 WNAEREERERES > B, 63

wl

WO 01/58360 PCTNISD1/04403 -

16
hinging indentations are prefarably designed based on the guidewire and

catheter radii and materials characteristics.

The restraining cap is an example of a passive, automatic, self-
activating guidewire restraint provided by the invention. The gripper lip of
the restraining cap automatically engages the guidewire when the working
catheter is withdrawn proximate of the gripper lip, with substantially no
engagement delay. For many applications this sélﬂacﬁfaﬁng characteristic ig
preferable in a general effort to reduce the complexity of the rapid catheter
exchange procedure. '

It can be preferable for some applications, however, to have access to a
guidewire restraint actuation mechanism that enables an operator to control
the timing of guidewire restraint during a mpid catheter exchange procedure.
Referring to Fig. 2A, there is shown in partial crogs-section a restraint:
configuration provided the by invention that includes such a mechanism. Here

ithe restraining cap 24 disposed at the distal end of the endoscope 10 includes a ,

gripper lip 28 at an opening 26 in the restraining cap 24, but unlike the
configuration of Figs, 1A-B, this gripper kip is not automatically in-position to
engage the guidewire. The restraining cap and gripper lip can be provided as
the materialg described for the configuration of Figs. 1A-B above.

As shown in the figure, the gripper lip 28 is provided with a

-circumferential passage 32 through which is threaded a pull cord 34. The pull

cord traverses the circumference of the passage 32 in the gripper lip 28 and
extends out of the passage and down the working channel 12 of the endoscope.
Preferably the pull cord extends through the entire length of the endoscope
and is accessible at the proximal port of the endoscope. The pull cord can be
actuated directly or if desired, can be configured in a handle grip or other
suitable arrangement like that conventionally employed for other endoscopic
control functions. Preferahly, such a handle grip should provide a robust
mechanism that reliably grips and holds the pull cord when actuated and that
reliably completely releases the pull cord upon deéctivation.
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The pull cord is formed of a suitable material, such as, e.g., plastic,

nylon, PTFE, stainless steel, suture thread, or other material, pravided in a
snitable conﬁgu:ration, e.g., as a cable or a braid of] e.g., fiber, fine wire, or
other suitable material. The pull cord preferably does not stretch. The length
of the pull cord is preferably sufficient to provide a reasonable length that
extends beyond the proximal end of the endoscope.

Fig. 2A illustrates a condition in which the pull cord has not been
activated. In this condition, the opening 26 in the restraining cap is of a
diameter sufficient to allow passage of a guidewire and catheter through the
opening without engagement by the gripper lip. Preferably, the opening 26 is
about the diameter of the endoscope channel to enable ease of passage of the
working catheter through the opening. The guidewire 18 and catheter 16 can
thus be distally advanced through the endoscope and through the restraining
cap to an intended procedure site with a minimum of Iongitudinal force -
application. , _

Once a procedure step is cornpleted using the catbeter, the catheter is
then partially withdrawn, as shown in Fig. 2B, such that its distal end 20 is
proximal of the gripper lip 28 of the restraining cap 24. This condition can be
conﬁr;ned vigually using the optics that are conventionally provided in the
endoscope. The proximal end of the guidewire is preferably maintained steady
during tbis partial withdrawal. At this point, as shown in Fig. 2C, actuation of
the pull cord 34 in the direction shown by the arrow, at the proximal end of the
endoscope working channel, can be initiated to cinch the gripper Lip 28 for
engagement with the guidewire 18 to eliminate the need for proximal
guidewire retention. Once the gripper lip is tightened to engage the guidewira,
the gripper lip snaring of the guidewire substantially restrains longitudinal
movement of the guidewire, whereby the catheter can be entirely withdrawn
over the guidewire out the endoscope working channel while the guidewire is
maintained in place distally. '

Aﬁer removal of a first catheter for advancement of a second catheter in

its place, it can be preferable for many applications to retain the pull cord in
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its activated position such that the gripper lip engagement of the guidewire is

maintained. This provides longitudinal stability of the guidewire as a second
catheter is advanced over the guidewire through the endoscope. Once the
second catheter distal end is advanced to approach the restraining cap at the

endoscope distal port, release of the pull cord reopens the gripper Iip opening

in the restraining cap to enable passage of the second catheter through the
distal port. This gripper lip reopening is due to the elasticity of the restraining
cap. The restraining cap thersby provides an automatic restoring force
mechanisin that opposes the manual activation of the restz"aint_ As the second
catheter is then distally advanced beyond the endoscope to the procedure site, -
the guidewire is preferably held in place at its proximal end.

It is to be recognized that the invention contemplates a reversal of the
activated cinching-automatic release configuration. Specifically, the gripper
lip passage can be configured to automatically engage the guidewire, in the
manner of the configuration of Figs. 1A-B, with pull cord activation initiated to
release the gripper lip engagement. Tbe size of the opening in the restraint
cap and the gripper lip matsrial and geometry are here selected to '
aﬁtomatically engage a guidewire.

In a further adaptation, illustrated in proximal end view in Figs. 2D-E,
the gripper lip 28 is composed of discontinuously segmented pull cord passages
rather than a continuous passage as in Figs. 2A-C. In this segmented
configuration, when the pull cord 34 is not proximally actuated, as in. Fig. 2D,
the gripper lip provides access in the working channel 12 for both a guidewire
and a catheter. When the pull cord 34 is proximally actuated, as in Fig. 2E,
the seg_;nents of the gripper lip cooperate to encircle and grip the guidewire 18.
The segmentation of the gripper lip can be preferable, for some gripper lip
materials, to ensure that the lip does not bind on itself when the pull cord is
actuated to tighten the lip on a guidewire.

For same applications and for some endoscope designs, it can be
preferable to minimize the number of elements that are in the working
channel 12. To that end, the invention provides a configuration, illustrated in

Bo24
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partial eross-section in Figs. 3A-C, wherein the pull cord 34 threaded through

the gripper lip passage 32 extends outside of the endoscope rather than
through the working channel of the endoscope. As in the configuration of Figs.
9A-C, the pull cord hers extends the length of the endoscope and is available at
the prozimal end of the endoscope for actuation of the gripper lip engagement
with the guidewire. . ' o

If desired, the pull cord can be restraine;d at one or more points along
the external endoscope wall to ensure that the eord does not stray from the
endoscope as the endoscope is advanced and withdrawn through an internal
body lumen. Preferably, such pull cord restraint does not hinder longitudinal
proximal actuation of the pull cord. The cord restraint can be provided as, e.g.,
a sleeve such as a shrink sleeve, a band, tape that adhesively attaches to itself
but not: other materials, or other suitable restraint configuration.

In operation of the endoscope-external pull cord activated guidewire
regiraint, as shown in Fig. 3B, once the distal end 20 of the eatheter 16 is
withdrawn proximate of the gripper lip 28, the pull cord can be activated, as
shown in Fig. 3C, in the direction of the arrow, to cinch the gripper lip about

- the gpuidewire and maintain the guidewire in-position as the catheter is

withdrawn along the guidewire and further, if desired, also as a different
catbeter is them advanced along the guidewire.

Referring to Fig. 4A, in accordance with the invention the gripper lip 28
of the restraining cap 24 on the distal end of the epdoscope can be augmented
with a hollow gripper tube 36 also attached to the restraining cap and
encircling an opening in the cap coincidemt with the distal port of the
endoscope working channel. The gripper tube can be formed of the material
employed for the restraining cap or can be formed of a distinct material;
suitablg materials include a plastic mesh, an elastomer, rubber, TPE, or other
suitable material. The inner diameter of the tube is preferably sufficient to
allow passage of a catheter through the tube; it is therefore preferred that a
relatively thin tube be employed. The tube length should be sufficient to
provide adequate gripper surface against the guidewire, and as a result, is
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20 .
generally material-dependent for most applications. The tube length can be,

e.g., between about 2 mm and about § mm_

In the example configuration shown, the gripper tube and distal gripper
lip extend distally beyond the distal restraining cap 24. In the manner
described above, a pull cord 84 is provided through the passage 32 inthe
gripper lip and extending through the working channel of the endascope to be
accessed at the proximal end of the endbscope for manual actuation.

In the condition shown in Fig. 4A, wherein the pull cord is not activated,
a catheter 16 and guidewire 18 can be distally advanced through the gripper
Iip 28 to an intended procedure site. After carrying out a procedure step with
the catheter, the catheter is partially withdrawn, as shown in Fig. 4B,
proximate of the restraining cap 24 while the proximal end of the guidewire is
maintained. Then as shown in Fig. 4C, actuation of the pull cord 34 is
initiated to cinch down the gripper lip 28 and compress the gripper tube 36
both to engage the guidewire for substantially restraining longitudinal motion
of the guidewire as the catheter is withdrawn. Proximal retention of the
guidewire can at this point be released. As explained previously, this
engagement with the guidewire can be maintained after the catheter is
removed while a second catheter is advanced over the guidewire. 4

o In an alternative configuration, referring to Fig. 5A, the gripper tube 36
can be configured to extend proximally fram the distally-located reéh-ainjng

_ cap 24 into the working channel 12 of the endoscope 10, The restraining cap is

distally external to the distal port of the endoscope, but the gripper tube is
mmternal to the working channel and forms a co-linear passage within the
working channel. Here a pull cord 84 is attached to the proximal end of the
tube 36 at at least one attachment point 38, which can be formed as, e.g., a
hole in the tubs, No gripper ring is provided at ends of the gripper tube, which
is connected directly to the restraining cap.

When the pull cord 34 is not activated, the gripper tube remains in an
un-actuated position in the workix-ag channel, in an unobstructed configuration
that allows a guidewire and catheter to be distally advanced through the
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21 .
gripper tube and out the distal port of the working channel. After completion

of a procedure step with the catheter, the catheter is partially withdrawn,
proximate of the gripper tube 36, without engagement with the tube, as shown
in Fig. 5B, while the guidewire is held steady at its proximal end. Then, upon

- proximal activation of the pull cord 34 as indicated by the arrow in Fig. 5C, tha

walls of the gripper tube are stretched proximally to engage the guidewire 18
around its circamference, given that the tube encircles the guidewire. This
engagement substantially maintains the in-position location of the guidewire
at the procedure site without the need for retention of the guidewire at its
proximal end. . '

Proximal activation of the pull cord 34 is retained as the catheter is
withdrawn to hold the guidewire in-position. The guidewire can further be
held in-position as a second catheter is advanced over the guidewire by _
mainta.inizig the proximal activation of the pull cord. Upon release of the pull
cord, the elasticity of the gripper tube causes the tube to regain its
unobstructive configuration, shown in Fig. 5A. Then, while the proximal end
of the gnidewire is held steady, the catheter can be distally advanced to the
procedure site.

Further adaptations of the gripper tuba 36 are contemplated by the
invention. For example, the gripper tube can partially extend beyond the
distal port of the endoscope working channel, e.g., by about 0.25 inches. A
at the proximal end of the gripper tubs, or at both ends.

In one adaptation, illustrated in partial cross-section in Fig. 6A, the
gripper tube 36 is disposed distally external to the distal port 14 of the
endoscope in a restraining piston housing 37 and around which is provided a
piston spring 39. The tube 36 and housing 37 are each provided with an
opening that aligns with the endoscope distal port 14. In one example
configzration, shown in Fig. 6B for the condition in which the distal end 200of a
catheter 16 is proximate of the gripper tube 36 and a guidewire 18 extends
through the gripper tube, the tube opening 41 can be tapered from g first

gripper lip can be provided at the distal port location of the rostraining ¢ap 24,
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proximal diameter that accommodates a catheter to a smaller distal diameter

that is as small or smaller than the guidewire diameter.

The gripper tube can be formed of a solid or mesh, flexible material like
the materials described above in connection with Figs. 4A-C for producing a
gripper tabe, here with a épring provided around the material. Alternatively,

the tube can be eliminated and a spring alone provided. The spring, which ean -

be provided as a conventional imetal spring or other suitable configuration, is
preferably designed with a restoring force and corresponding number of spring

~ turns after empirical testing to determine the required spring restraining force

on the guidewire. The piston housing can be formed of a suitable material that
can be the same material as the gripper tube. '

In an un-actuated condition, shown in Fig. 6A, a catheter 16 and a
guidewire 18 can be distally advanced through the endoscope working chapunel
12 and out the distal port 14 through the gripper tubs 36 to an intended
procedure site. The gripper tube material is of sufficient flexibility that the
catheter and guidewire can be pushed through the central apening in the tube.
Once a procedure step is completed with the catheter, t]l.le catheter is partially
withdrawn, proximate of the distal port 14 of the endoscope, through the
gripper tube, as shown in Fig. 6B, while the guidewire is held steady at its
proximal end.

Referring to Fig. 6C, in an activated condition, the distal wall 43 of the
piston housing 37 moves proximally against the gripper tube, compressing the
spring 39 and buckling or compressing the gripper tube 36. This in turn
causes the walls of the central gripper tube opening to engage with the
guidewire and substantially restrain guidewire longitudinal movement by
frictional force. The cathater can then be fully ery withdrawn over ﬁhe
guidewire while the guidewire is maintained ip-position at the procedure site
without the need for retention at its proximal end.

The invention contemplates a range of piston actuation mechanisms. In

a first example scenario, the piston is self-actuating, in that it is normally in a
state of buckling or compression. As with the restraining cap of Figs. 1A-B,
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this arrangement relies on the application of longitudinal force to a catheter

and guidéw_ire to push the catheter and guidewire distally through the gripper
tube to an ﬁtended site. When the catheter is withdrawn from the gripper.
tube, the frictional force applied to the guidewire by the tube is greater than
the frictional force applied to the guidewire by the withdrawing catheter.

In a further example actuation mechanism, illustrated in partial cross-

" section in Fig. 7A, one or more pull cords 34, 35 are provided attached to, a.g.,
the distal end of the gripper tube 36, the spring 39, or the distal piston wall 43..

The pull cords extend through the endoscope working channel 12 to the
proximal end of the endoscope for actuation. Asin the scenario of Fig. 64, in
an un-actuated condition, in Fig. 7A, a catheter and a guidewire can be distally
advanced tlﬁough the gripper tube 36 at the endoscope distal purt. At the
completion of a procedure with the catheter, the proximal end of the guidewire
is maintained steady as the distal end of the eatheter is withdrawn proximal of
the gripper tube. Then, as shown in Fig. 7b, when the distal end 20 of the
catheter 16 is proximate of the gripper tube, the one or more pull cords 34, 35
can be proximally activated, in the direction of the arrow in Fig. 7C, to
compress the spring 39, collapse the distal piston wall 43, and buckle or
compress the gripper tube 36. The guidewire is thereupon engaged within the
cenitral opening of the gripper tube and longitudinally restrained.

'Upon withdrawal of a first the catheter, a second catheter can be
advanced ovar the guidewire with the guidewire position maintained by the
pull coxd actuation of the gripper tube. Release of the gripper tube returns the
piston configuration to the condition 6f Fig. TA, whereupon the second catheter
can be distally advanced through the gripper tube to a procedure site as the

- guidewire is held steady at ifs proximal end.

The invention contemplates a range of piston actuation mechanisms.
For example, the pull cords 34, 35 shown in Figs. 7A-C can be provided
exterior, rather than interior, to the endoscope. Pneumatic actuation can be
employed, in which case the gripper tube can operate as a bladder, with the
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outer portion resisting pressure from the bladder whereby the inner tube

collapses on the guidewire to restrain the guidewire.. )

Referring to Fig. 84, the invention provides a further gnidewire
restraint configuration in which a guidewire restraining wedge 40 is provided
external to the distal port 14 of the endoscope working channel 12. The
restraining wedge 40 is connected to a pull cord 34 which extends through the
working channel 12 and is accessible at the proximal port of the workiné
channel. In the condition illustrated in. Fig. 8A, the wedge 40 is aside of the
working channel distal port 14, allowing a catheter 16 and a guidewire 18 to
be distally advanced through the distal port in an unobstructed manner

" toward an intended procedure site. This restraint configuration ean be

preferable for many applications because vision and irrigation ports of the
endoscope are not occluded by a restraining mechanism.

Once use of the catheter is complete, the catheter is then partially
withdrawn, proximate of the distal port 14 of the working channel 12, as
shown in Fig. 8B, as the guidewire position is maintained at the proximal
guidewire end. Proximal activation of the pull cord 34 in the direction.
indicated by the arrow in Fig. 8C then pulls the wedge 40 into the distal port
14 to en;gage the guidewire 18 against an internal wall of the working channel
at the distal port and to thereby restrain longitudinal movement of the
guidewire. The catheter can then be completely withdrawn over the gnidewire
without the need for proximal retention of the guidewire. When a first
catheter is completely withdrawn from the endoscope, proximal activation of
the pull cord can be maintained to hold the guidewire in-position as a second

- catheter is advanced distally along the guidewire through the endoscope.

Upon approach of the second catheter to the distal port 14 of the endoécope
working channel, release of the pull cord enables pushing aside of the wedge
40 by the second catheter as it passes through the distal port. The gunidewire
is then to be held at its proxtmal end while the second catheter is d:lsta]ly
advanced to the procedure site.
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Given the restraining action of the wedge against the guidewire, the

Wedge geometry preferably is selected to provide an effective wedging surface
and to prohibit permanent lodging of the wedge in or at the port of the working
channel. At least one dimension, or feature, of the wedge is therefore
5 preferably greater than the working channel diameter. The wedge can take
the geometry ;)f a sphere in the manner shown, either solid. or hollow, or as a
half-sphere or donut, or alternatively as a cone or as an elliptical, triangular,
partially- or fully-conical, or other suitable geometry. The wedge can be
- formed of plastic, rubber such as an elastomer, metal, or other suitable
10 material. A
In an alternative configuration, illustrated in partial cross-section in
Fig. 9A, the guidewire wedge 40 is attached to an external wall of the
endoscope by a restraining band 42 extending distally external to the distal
port. The band can be attached, e.g., as shown, along the external longitudinal
15 wall of the endoscope, with st least a portion of the band encircling the
endoscope. Preferably the restraining band includes a free arm 45 that is
directly connected to the wedge 40. The restraining band and can be formed
of, e.g., an elastomer, or preferably silicone. The restraining band 42 can be
frictionally attacheti to the endoscope by stretching tha band over the
20 endoscope distal port in the manner described above with regard to Figs. 1A-D.
The free arm 45 of the restraining band is preferably of a length selected
such that in a condition like that shown in Fig. 9A in which the pull cord 34 is
not activated, the elasticity of the band maintains the wedge 40 aside from the
distal port 14 of the endoscope working channel 12. This allows a catheter and
25 guidewirs to be distally advanced through the distal port. When the catheter
- is then withdrawn proximate of the distal port, as shown in Fig. 9B, proximal
activation of the pull cord 34 in the direction of the arrow in Fig. 9C pulls the
wedge 40 into engagement of the guidewire against the distal port wall to
maintain the guidewire in-position. As with the mechanisms described above,
30 the gnidewire is to be maintained in-position at its proximal end while the
catheter is withdrawn proximate of the distal port.
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Once a second catheter is advanced to the distal port 14, release of the

pull cord then allows the restraining band arm 45 to pull the wedge 40 aside
from the distal port for distal advance of the second catheter through the port.
The elastic restraining band and arm thereby provide an automatic restoring

5 force mechanism that opposes the manual pull cord activation of the wedge

' restraint. In one preferable example scenario, the restraining band arm and -

the pull cord can be mgintained in light tension against each other so that it
can assured that the wedge is being pulled securely in position against the
guidewire. A

10 In a further alternative configuration, ﬂlustrated in partial cross-section
in Fig. 10A, two wedges 44, 46 are provided connected to the restraining band
42. In one example, a first wedge 44 1is connected directly to the band 42 and a
second wedge 44 is connected to a free restraining arm 45 extending from the
band 42. In this configuration, the pull cord 34 is conpected to one of the

5 wedges 46 and is provided with a cord extension 48 connected between the pull
cord 34 and the other wedge 44. -

In the manner described above, the elasticity of the restraining band
and arm maintains the wedges aside from the distal port 14 of the endoscope
working channel 12 when the pull cord is not prox:'mﬁally activated. This -

20 allows for the distal advance of a g:atheter 16 and a guidewire 18 through the
distal port of the endoscope, as shown in Fig. 104; and allows for proximal
withdrawal of the catheter over the guidewire as shown in Fig. 10B.

Referring to Fig. 10C, once the catheter distal end is withdrawn
proximate to the distal port 14, preferably as the proximal end of the

25 guidewire baing held steady, prozimal activation of the pull cord 34 activates
the cord extension 48 and the two cords pull the two wedges 44, 46 into contact
with the guidewire 18 at the distal port of the endoscope. The guidewire is in
this condition held between the wedges at the distal port of the endoscope,
whereby longitudinal motion of the guidewire ig substantially restrained.

30 Proximal withdrawal of a first catheter and distal advancement of g second

()

catheter can at this point be carried out without the need for manual
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maintenance of the in-position location of the guidewire. Then in the manner

- described above, upon release of the pull cord the restraining band 42 and arm

45 pﬁ]l the'two wedges aside from the distal port to produce the condition of
Fig. 10A in which a catheter can be advanced through the endoscope distal
port to the procedure site as the guidewire proximal end is retained.

. The invention conternplates the use of a number of wedges greater than
two. For example, three or more wedges and agsociated pull cords could be
arranged around the working channel circumference. The shapes and
materials of the wedges in the plurality can be varied to provide an optinaum,
guidewire restraining action for a particular endoscope arrangement.

Turning to further guidewire resiraint configurations provided by the
invention, and referring to Fig. 114, there are shown guidewire rostraining
cams 50, 52 that are each connected externally distal to the working channel
12 of the endoscope 10. Each cam 50, 52 is connected by a bias spring 56, 58, |
respectively, to an external bias frame 54. The bias frame 54 is in turn
attached to the external wall of the endoscope.

The cams can be formed out of any suitable material, e.g., a plastic,
nylen, clastomer, metal, or other material. Each cam is preferably of
dirnensions suitable for frictionally gripping a guidewire between the cams
when they ;are in a closed configuration. The bias frame can be formed of a
rigid material, e.g., plastic or metal, with an elastomer layer provided attached
to the frame for frictionally connecting the frame to the endoscope by
stretching the elastomer over the endoscope. The springs connecting the cams
to the bias frame can be formed of metal, elastomer, or other suitable spring
material. In an alternative scenario, each cam and its corresponding spring
can be formed as a unitary body, for example, as a molded piece of, e.g., nylon,
consisting of a bendable bsam extending from a cam geometry to operate as a
spring element. In either scemario, the restoring force of the spring is
preferably designed based on measured or expected frictional forces required

for restraining a guidewire between the cams.
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A pull cord 34 is attached to one of the cams 50 and extends through the

endoscope working channel beyond the proximal port of the working channel.
A cord extengion 48 is connected between the pull cord 34 and the other of the
cams 52. The pull cord and extension cord can be provided as metal, plastic, ox
other suitable materizal and can be attached to the cams by crimping, snap fit,
interference fit, keyhole connection, insert molding, ball or knot provided on an
end and threaded through a hole in a cam smaller than the knot or ball, or
other suitable connection.

In an un-actuated condition, shown in Fig. 114, the bias springs 56, 58
pull the cams 50, 52 radially outward, away from the distal port 14 of the
working channel. In this condition, a catheter 16 and guidewire 18 can be
distally advanced through the distal port of the working channel to an
intended procedure site. After use of the catheter at the procedure site, the
catheter is then partially proximally withdrawn, through the distal port 14, as
the guidewire pogition is maintained by retention at its proximal end.

Once the distal end 20 of the catheter is proximate of the cams 50, 52, as
shown in Fig. 118, proximal activation of the pull cord 34 in the direction
indicated by the arrow in the figure pulls the cord extension 48 and in turn the
cams 60, 62 closed. The two cams engage the guidewire 18 to substantially
restrain longitudinal motion of the guidewire as the catheter is completely.
vvithdfawn from the endoscope. After a first catheter is withdrawn, a second
catheter can be distally advanced over the guidewire as it is held secure by the

- cams. Upon approach of the second catheter to the distal port 14 of the

endoscope, release of the pull cord 34 allows the bias springs to retract the
cams and enable distal passage of the catheter between the cams. Then as the
proximal end of the guidewire is held steady, the catheter can then be distally
advanced to the procedure site. The spring bias of the cams thersfore provides
an automatic restoring force mechanism that opposes the pull cord activation,
to reset the cam arrangement.

The invention contemplates various adaptations of this cam restraint

ctmﬁguratidn. For example, the bias springs can be configured to bias the
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cams in a clogsed rather than retracted configuration. In this scenario, a pull

cord is not required; as in the gripper lip configuration of Figs. 1A-C, where the
guidewire restraint is automatic. Longitudinal force must be applied to the
catheter and guidewire to distally advance the catheter and guidewire through
the closed cams. When the catheter is withc_lrawn, the contact force of the
cams on the guidewire is stronger than the frictional force between the
withdrawing catheter and the guidewire, whereby the guidewire is maintained
in-position.

Referring to Fig. 110, in a further adaptation not requiring a pull cord,
a magnetic element 51, 53 is provided in each of the cams 50, 52, respectively.
The magnetic element can be pr;)v'ided as neodimim:h, samarium, cobalt, or
other suitable magnetic material, and is preferably selected based on the
endoscopic to;>1 material, to ensure magnetic attraction between the material.
Attachment of the magnetic material to the cams can be accomplished by, e.g.,

* gluing, insert molding, or other suitable process. The cam bias springs 56, 58

can be included to normally bias the cams apart in an unobstructed path distal
to the endoscope working channel. In this scenario, when the catheter is
proximally thhdrawn proximate of the cams, magnetic force between the
cams and the guidewire holde the guidewire in-position. The engagement force
of the cams on the guidewire is sufficiently stron;g to withstand the frictional
force between the catheter and the guidewire as the catheter is withdrawn
over the guidewire. As can be recognized, the bias springs are not required; in
the manner described above, a catheter can be longitudinally advanced and
withdrawn through the magnetically-attracted cams.

Referring to Fig. 12A, in a further restraint configuration provided by
the invention, there are provided restraining grippers 60, 62 each of which

~ includes a proximal grip 64, 66, and a distal grip 68, 70, respectively. Each

gripper 60, 62 is biased by a respective spring 56, 58, to a bias frame 65 that is
attached externally to the endoscope 10 distally of the working channel distal
port. ’
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The distal grips 68, 70 are preferably formed of a high-friction material,

e.g., an elastomer, silicon, TPE, urethane, or other material with a “sticky”
surface for gripping onto a guidewire. In contrast, the proximal gﬁps 64, 66
are preferably formed of a “slippery” material like PTFE, polyethylene (PE),
ﬁylon, DELRIN®, or other relatively hard material that does not impose a
high coefficient of friction. Both pairs of grips preferably provide elongated
gripping surfaces. As with the restraint configuration of Figs. 11A-11B, the
springs 56, 58 connected to the grips can be distinct elements or can be of a
unitary construction with the grippers 60, 62. If provided as distinct elements,
the springs can be formed of a metal, e.g., stainless steel, or of an elastomer.
The bias frame 85 can be provided as a rigid structure, e.g., plastic or metal,
that is attached to the endoscope by, e.g., an elastomer cap in the Mer
described above for the configuration of Figs. 11A-B. ‘ '

In one example bias configuration, the bias springs 56, 58 are arranged
to provide a gripping force that tends to move the grippers toward each other,
in & manner that obstructs a distal path that is coincident with the working
channel of the endoscope. When a catheter 16 and a guidewire 18 are distally
advanced through the endoscope working channel, a longitudinal force is to be
applied to the catheter and guidewire to push apart the proximal grips 64, 66
for more distal advancement toward an intended procedure site. In the
condition illustrated in Fig. 124, the distal end 20 of the catheter 16 has just
reached the proximal grips 64, 66 and is pushing the grips :apar(:. The
relatively larger-diameter catheter is gripped by the proximal grips 64, 66 with
only minimal force, whereby there is enabled further distal advancement of the
catheter, as well as the guidewire.

Referring to Fig. 12B, when a procedure step employing the catheter is
completed, the guidewire is preferably retained at ité proximal end as the
catheter is partially withdrawn proximally through the endbscope channel.
Once the catheter distal end is proﬁmal of the proximal grips 64, 66, they tend
toward a closed position, resulting in engagement of the distal grips 68, 70
with the guidewire 18. The relatively smaller-diameter guidewire is engaged

@036
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by the distal grips 68, 70 with a force that is larger than the force with which

the proximal grips engaged the catheter. With the guidewire engaged by the
distal grips 68, 70 a first catheter can be fully distally withdrawn over the
guidewire from the éndosoope without the need for praximal retention of the
guidewire, and a second catheter can be advanced over the guidewire through
the endoscope to the intended procedure site while the guidewire is maintained
in-position by the gripper. Once the catheter is distally advanced beyond the
proximal grips, it is preferable to retain the proximal end of the guidewire.

‘Like the configuration of Figs. 11A-B, in an adaptation of this
configuration a magnetic element can be provided in either or both pairs of
proximal grips 64, 66 and distal grips 68, 70. This scenario enables a magnetic
guidewire restraint in the manner described above with regard to the
configuration of Figs. 11A-B. In this adaptation, if the bias springs 56, 58
provide a normally-closed grip bias, the magnetic force between the grips and
the gui&ewire enhance the guidewire engagement force of the grips.
Alternatively, the bias springs 56, 58 can be configured to provide a normally-
open grip bias, with the magnetic force acling to close the grippers onto and
engage the gnidewire. This scenario is particularly well-suited for use with a
stainless steel guidewire. In a further magnetic grip adaptation, only the
proximal grips 64, 66 are included, operating in the manner of the cams of
Fips. 11A-B.

Turning to Fig. 13A, in a further guidewire restraint configuration
pmﬁded by the invention, there is shown in partial cross-section a restraining
plate 71 located externally to the endoscope working channel 12 and distal to
the distal port of the working channel. The restraining plate 71 includes a
passage 72 that is at least as wide, and preferably wider, than the working
cbannel, and that is radially aligned with the working channel. The ‘
reétraining plate is attached to the endoscope by a pivet 74 at one end of the
plate and a spring 76 at the other end of the plate. A pull cord 34 is provided
attached to the restraining plate 71 at a location relatively more close to the
spring than the pivot. The pull cord extends throngh the passage 72 of the
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plate 71 and through the endoscope working channel o the proximal port of

the endoscope for proximal activation.

The restraining plate can be provided as a rigid material, e.g., a suitable
metal or a suitable plastic, such as nylon or DELRIN®, or other suitable
material. The pull cord can be attached to the restraining plate by way of, e.g.,
a mechanical joint like a crimp, a solder joint, an interference fit, a ball or knot '
provided on the end and through a smaller hole in the plate, insexrt molded, or
other suitable sttachment technique. The pivot is preferably formed of a
plastic or elastomer material, e.é., polypropylene, that provides a robnst,
reliahle connection that can flex repeatedly without fatigue. The spring is
preferably provided as a metal, plastic, or other suitable material that is
designed with a selected restoring force and number of turns based on. a
measured or expected force required to maintain the plate in a desired
rotational position. The restraining plate 71 and bias spring 76 can be
attached to the endoscope by a friction-fit elastomeric cap, in the manner of the
configuration shown in Figs. 1A-D. '

In one configuration, the spring 76 is biased to normally maintain the
plate in a position rotated about the pivot, away from the endoscope, in the
manaer shown in Fig. 13B. To provide au unobstructed path from the distal
port of the working channel through the restraining plate, the pull cord 34 is
proximally actnated, in the direction of the arrow in Fig. 13A. In this . -
condition, a catheter 16 and guidewire 18 can be distally advanced through the
restraining plate to an intended procedure site. It is preferred thaf the pull
cord be maintained in a proximally actuated condition during a procedure so
that the catheter is not damaged and is unobstructed during the procedure,

After use of the catheter at the procedure site is complete, and with the
pull cord retained in a proximally activated condition as in Fig. 13A, the
proximal end of the gnidewire is retained as the catheter is partially
proximally withdrawn over the guidewire. When the distal end 20 of the
catheter 16 is proximate of the restraining plate 70, release of the pull cord -

* results, as shown in Fig. 13B, in pivoting of the restraining plate 70 to engage
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the guidewire at a wall of the plate passage 72. The catheter can then be

completély withdrawn from the endoscope with the guidewire maintained in-
position by the restraining plate. ‘A second catheter can then be distally
advanced through the endoscope. Upon the distal end of the second catheter

. reaching the distal port of the working channel, the pull cord is again

proximally activated to enable passage of the catheter through the plate, with
the proximal end of the guidewire then held steady until the catheter is
advanced to the intemded site.

'This configuration provides an automatic guidewire restraint actuation
mechanism that opposes a restoring mechanism enabled by the pull coxrd
activation. The configuration thereby is fail safe in the sense that the
guidewire resiraint is provided unless the pull cord is activated. This feature
enhances the speed and safety with which a rapid catheter exchange can be
carried out. The invention contemplates an adaptation of this configuration,
however, in which the spring is provided to bias the plate in an un-pivoted
condition like that of Fig. 13A. Here the pull cord 34 is attached to the plate
71 at a location relatively closer to the pivot 74 than to the spring 76. In this
scenario, proximal activation of the pull cord pivots the plate to a guidewire
engagement position like that of Fig. 13B. For this adaptation it can be
preferable to raaintain the pull coxd external to the endoscope, rather than
oxtending it through the working chanuel. Such an adaptation can also be
applied to the configuration of Figs. 134-B. - |

Referring to Fig. 14A, in a further guidewire restraint configuration
provided by the invention, there is shown in partial cross-section a guidewire
restraint bushing 80 in which is provided a passage 82 that is at least as large
as the working channel 12 of the endoscope 10. In one exampie, the restraint
bushing 80 is held in a socket in a restraining frame 84 by a spring element
86. Here the spring element i connected to the restraint bushing 80 and
extends throngh the frame 84 to an outside wall of the frame. The frame 84 is
connected to the endoscope with the restraint bushing positioned af a location
that is disi-:ally external to the working channel of the endoscope. A pull cord
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34 is connected to the restraint bushing 80 at a side opposite the ball

connection to the spring element. The pull cord extends through the working
channel for proximal activation at the proximal port of the channel.

The bushing can be produced of a metal, ﬁlastic, elastomer, or other
suitable material, and can be configured in any convenient geometry. The
spring element can be provided as a flexible elastic or metal spring with a

_ designed restoring force, or alternatively, can be farmed as one or more tabs

connected between the bushing 80 and the frame 84 that allow single-axis
rotation of the bushing. Such a tab or tabs can be provided as, e.g., molded
elements. This configuration can be preferable for some applications in that is
eliminates the need for a separate spring element 86 connected as shown in
Fig. 14A.

In the configuration shown in Fig. 14A, the spring element 86 is biased
to maintain the restraint bushing 80 in a position such that the passage 82 of
tbe bushing is parallel with the distal port 14 of the working channel 12. In
this configuration, a catheter 16 and a guidewire 18 can be distally advancedv
through the working channel and distal port of the endoscope to an intended
procedure site. .

‘When use of the catheter is complete the guidewire is maintained
steady at its proxlmal end and the catheter is partially proximally withdrawa
over the guidewire. Once the distal end 20 of the catheter is proximate of the
restraint bushing 80, as shown in Fig. 14B, proximal activation of the pull cord
34 in the direction of the arrow in the figure causes the bushing 80 to rotate
and t0 engage the guidewire at a wall of the bushing passage 82. At this point
proximal retention of the guidewire is no longer required while the catheter is
completely withdrawn out of the endoescope. A second catheter can then be
distally advﬁncad through the endoscope to the distal port. When the distal
end of the second catheter reaches the working channel distal port, the pull
cord is released to allow the restraint bushing to rotate into a position in which
the passage 82 of the bushing is parallel with the distal part of the working

@040
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channel. The guidewire is then maintained steady at its proximal end as the

catheter is advanced to the procedure site.

As can be recognized, this restraint configuration can be adapted suﬁh
that the spring element maintains the bushing in a rotated position like that )
of Fig. 14B. This configuration, like that of Figs. 13A-B, is fail safe i in that the
guidewire restraint is automatic, requiring manual de-actuation.

Referring to Figs. 15A-C, in a further guidewire restraint configuration
provided by the invénﬁon, there is éhown in partial cross-section a gnidewire
restraining wall 88 having a gripper tab 100 that can be rotated about a
relatively thin hinge region 90 toward and away from the distal port 26 of the
endoscope working chann_el 12. The restraining wall 88 distally extends from
a regtraint cap 96 that can be fit over the distal port of the endoscope. A pull
cord 34 is connected to the restraining wall at, e.g., the gripper tab, and
extands through the working channel for proximal activation at the proximal
part of the channel. The cord ean be connected to the restraining wall in any
convenient fashion, e.g., using a knot 92 and washer 94 configuration as
shown, or in. another suitable configuration. Optmnal]y, a contact wall 98 can
be provided extending distally from the restraining cap opposxte the
restraining wall. The restraining and contact walls are preferably produced of
an elastomeric material that enables the thin hinge region 90 to bend and that
enables the thin hinge regions. and adjacent regions to easily stretch.

In the configuration shown in Fig. 16A, the pull cord 34 has not heen
proximally aétivated. Here the gripper tab 100 is free to rotate away from the
endoscope distal port 26. As a result, a catheter 16 and a guidewire 18 can be
distally advanced through the working channel 12 and distal port of the
endoscope, rotatmg the tab 100 aside to enable distal advance of both the
guidewire and a catheter to an intended Procedure site.

When use of the catheter is complete, the guidewire is maintained
steady at its proximal end and the catheter is withdrawn such that its distal
end 20 is proximate to the distal port, as shown in Fig. 15B. Then, as shown in
Fig. 16C, proximal activation of the pull cord rotates the gripper tab 100

041
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36 .
toward the distal port, engaging the guidewire between the contact wall 98

and the gripper tab 100. With the guidewire now held in-position by the

. restraining wall, retention of the guidewire position at its proxirmal end is not

required as the catheter is ' completely proximally withdrawn from the
endoscope. A second catheter can then be distally advanced through the
endoscope to the distal port. When the distal end of the second catheter
reaches the gripper tab 100, the pull cord is proximally released to allow the

‘1ab to rotate back to a position, as shown in Fig. 15A, in which passage of a

cathster is accommodated. The guidewire is then maintained steady at its
proximal end as the catheter is advanced to the procedure site. .

In adaptations of this configuration, the contact wall 98 can be
eliminated, {vhereby the gripper tab 100 cooperates with the edge of the
endoscope distal port to contact the guidewire and maintain its position as a
catheter .is withdrawn and/or advanced. .

Based on the discussion above it is apparent that the invention
contemplates a very wide range of restraint configurations and adaptations.
In general, the restraint configurations gl include some restraiping member
that is positioned for enabling engagement of the member with an endoscopic
tool, such as a guiding tool, for holding the tool in place as a catheter is
praximally withdrawn or distally advanced over the tool. The inventors herein
recognize that a wide range of guiding tools, beyond conventional guidewires,
can be employed in conjunction with the restraint configurations of the
invention. In all of the restraint configurations described, engagement of the
tool by the restraining member is effected to take place at: a location that is at
least as distal as the endoscope distal port, i.e., engagement occurs at the
distal port or distally external to the port; contact can additionally also occur
proximally internal to the endoscope -working channe].

The invention contemplates that for some applications it mé,y be .
desirous to restrain an endoscopid tool, such as a guidewire, while an inner
sheath, such as a working catheter, extends beyond the restraint of the
invention, the catheter thereby interposing itself between the restraint and the
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guidewire. For such applications, the restraint configurations of the invantion

can be eraployed with the catheter in place over the guidewire, so long as the
mechanical impact of 4 selected restraint configuration on the catheter is .
acceptable. It is therefore to be recognized that direct contact of a tool such as
a guidewire is not required; engagement of the tool by a restraint can be
indirect, e.g., through an interposing catheter.

It is to be recognized that for various endoscope configurations and
endoscopic tools, different of the restraint configurations of the invention can
be found optimal. It is therefore preferred for those restraint configurations
that require a connection to the endo scope that the connection be a releasable,
non-permanent attachment. This enables the restraint configuration to be
supplied as an endoscopic attachment that ean be insta]le.d oﬁ the endoscope al
the point of use and can be replaced or removed as necessary. Permanent
attachment of a restraint configuration to an endoscope is also contemplated -
by the invention. _

It is further fo be recognized tha‘f the restraiﬁt configurations of the
invention can be adapted for a ‘wide range of endoscopes. For example, as
explained earlier, side-viewing endoscopes and endoscopes including several
workipg channels can be accommodated by the restraint configurations.
Further, the restraint configurations place no limitations on aceessories and
tools employed at the praximal end of an endoscope. -

The restraint configurations of the invention provide particularly
elegant and adaptable mechanisms that enable, among other procédures, rapid
catheter exchange procedures that previously required cokmbersome and
complicated techniques and equipment. Beyond rapid exchange procedures,
the restraint configurations address the many requirements for securely and
reliably maintaining an endoscopic tool in a selected position at a proceduré
site. It is recognized of course that those skilled in the art may make varios
modifications and additions to the restraint configurations described above
without departing from the spirit and scope of the present contribution to the
art. Accordingly, it is to be understood that the protection sought to be
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. afforded hereby should be deemed to extend to the subject matter of the claims

and all equivalents thereof fairly within the scope of the invention.
We claim:
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CLAIMS
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1. An endoscapic tool restraint; for restraining longitudinal
mqveinent of an endoscopic tool with respect to a distal port of an endoscope
channel through which the tool can be distally advanced and proximally
retracted longitudinally, the restraint comprising at least one restraining
member disposed at least as distally as the endoscope channel distal port and
positioned in spatial correspondence with the distal port to engage the tool
wﬁen a distal end of the tool extends distally beyond the restraining member.

2. The endoécopic tool restraint of claim 1 further comprising a
restraining connector connected between the restraining member and an
exterior wall of the endescope.

3. The endoscopic tool restraint of claim 1 wherein the restraining
member-comprises a contact surface for making direct tool contact at least as
distally as the endoscope channel distal port when a catheter is located in the
endoscope channel over the toal with a distal end of the catheter proximate of
the contact surface and a distal end of the tool extending distally beyond the
contact surface.

4. The endoscopic tool restraint of claim 3 wherein the contact
surface is oriented with respect to the distal port to exert against the tool,

-when in eontact with the tocl, sufficient contact foree to restrain longitudinal

movement of the tool when a catheter is longitudinally moved over the tool
within the endoscope channel and a distal end of the catheter is proximate the
restraining member.

5. The endoscopic tool restraint of claim 1 wherein the endoscopic
tool comprises a guiding tool.
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" 8. The endoscopic tool restraint of claim 5 wherein the guiding tool

comprises a guidewire.

_ 7. The endoscopic tool restraint of claim 1 further comprising a
restoring member connected between the restraining member and the
endoscope in a condition that opposes engagemeﬁt of the tool by the
restraining member.

8. The endoscopic tool restraint of ¢laim 7 wherein the restoring

member comprises a spring element.

9. The endoscopic tool restraint of claim 1 further comprising a
restoring member connected between the restraining member and the
endoscope in a condition that effects engagement of the tool by the restraining

member.

10. The endoscopic tool restraint of claim 9 wherein the restoring
membear comprises a spring element.

11. The endoscopic tool restraint of claim 1 further comprising a
restraining member activator connected to the restraining member and
extending proximate a proximal port of the endoscope channel, the activator
provided in a condition, when actuated at a proximal end, that effects
engagement of the tool by the restraining member.

12. The endoscopie tool restraint of elaim 1 further comprising a
restraining member de-activator connected to the restraining member and
extending proximate of a proximal port of the endoscope channel, the de-
activator provided in a condition, when actuated at a proximal end, that
opposes engagement of the tool by the restraining member.
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13. The endoscopic tool restraint of claim 11 wherein the restraining

member activator comprises a pull cord.

14. The endoscopic tool restraint of claim 13 wherein the pull cord is
positioned within the endoscope channpel.

15. The endoscopic toal restraint of claim 13 wherein the pull cord is

positioned exterior to the endoscope channel.

16. The endoscopic tocl restraint of claim 12 wherein the restraining

member de-activator comprises a pull cord.

17. ‘The endogcopic tocl restraint: of claim 16 wherein the pull cord is
positioned within the endoscope channel.

18. The endoscopic toal restraint of claim 16 wherein the pull cord is
positioned exterior to the endoscope channel. :

19. The endoscopic tool restraint of claim 1 wherein the restraining
member is disposed at the endoscope channel distal port.

20.  The endoscopic ool restraint of claim 1 wherein the resiraining
member is disposed distally beyond the endoscope channel distal port, and
further comprising a restraining member connectar connected between the

' restraining member and an exterior wall of the endoscope.

21.  The endoscopic tool restraint of claim 1 wherein the at least ons
restraining member comprises a plurality of restraining members each
positioned in spatial correspondence with the distal port to engage the tool
when a distal end of the tool extends distally beyond the restraining members.
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22. The endoscopic taol restraint of claim 1 wherein the restraining

-member comprises a gripper lip pmwded in a restraining cap gver the

emndoscope channel distal port.

23. The endoscopic tool z:esfraint of claim 22 wherein the gripper lip
includes a circumferential lip passage in which is provided a pull cord
extending proximally from the lip passage to a proximal end of the endoscope
for activation of the gripper lip to engage the endoscapic taol when'the cord is

proximalily actuated.

24. The endoscopic tool restraint of claim 1 wherein the restrmnmg
member comprises a gripper tube provided in a restraining cap over the
endoseope channel distal port, the gripper tube extending distally beyond the
endoscope channel distal port.

25.  The endoscopic tool restraint of claim 24 wherein the gripper tube
includes a circumferential tube passage in which is provided a pull cord )
extending proxlmally from the tube paseage to a proximal end of the endoscope
for activation of the gripper tube to engage the endoscopic tool when the cord is
proximally actuated.

26. The endoscopic tool restraiot of claim 26 further comprising a
restoring spring disposed in the gripper tube and provided in a condition that
biases the gripper tube to effect engagement of the endoscopic tool.

27.  The endoscopic tool restraint of claim 1 wherein the restraining
member comprises a gripper tube provided in a restraining cap over the
endoscope channel distal port, the gripper tube extending from the endoscope
channel distal port proximally, interior to the endoscope channel. A
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1 28.  The endoscopic tool restraint of claim 1 wherein the restraining
2 member comprises a restraining wedge dispased distally to the endbscope
3 chanmel distal port and connected to a pull cord extending proximally through
4 the endoscope channel to a proximal end of the endoscope, the restraining
5 wedge sized to engage the endoscopic tool when the pull cord is proximally
6 actuated,
1 . 29. The endoscopic tool restraint of claim 28 further comprising an
2 elastic restoring band connected between the wedge and an exterior wall of the
3 endoscope.
1 30. The endoscopic tool restraint of claim 1 wherein the at least one
2 restraining member comprises a plurality of restraining wedges each disposed
3 distally o the endoscope channel distal port and connected o a pull cord
4 extending proximally through the endoscope channel to a proximal end of the
5 endoscope, the restraining wedges being sized o engage the endoscopic tool
6 when the pull cord 18 proximally actuated.
1 31. The endoscopic tool restraint of claim 1 wherein the at least one
2 restraining member comprises two restraining cams each disposed distally to
3 the endorcope channel distal port and connected to a pull cord extending
4 proximally through the endoscope channel to a proximal end of the endoscope,
5 the restraining cams being sized to engage the endoscopic tool between the
) - cams when the pull card is proximally actuated. '
1 32. The endoscopic tool restraint of claim 31 further comprising a bias
2 spring connected to each cam for biasing the cams apart.
1 33. The endoscopic tool restraint of claim 1 wherein the at least one
2 restraining member comprises two restraining cams each disposed distally to

3 the endoscope channel distal port and each including a magnetic material
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portion, the restraining cams being sized to engage the endoscopic tool

between the cams.

34. The endoscopic tool restraint of claim 1 wherein the at least one
restraining member comprises a pair of grippers, each gripper i.m:ludiné a
distal grip and a proximal grip, both distal and proximal grips disposed
distally to the endoscope channel distal port, the grippers each connected {0 a
spring element to bias the distal grips towal;d each othér.

35. The endoscopic tool restraint of dlaim 1 wherein the restraining
member comprises a restraining plate hinged at one plate.edge at the
endoscope channel distal port and including a passage that can be aligned with
the éhannel distal port when the plate is rotated against the port, the
restraining plate connected by a spring to an exterior wall of the endoscope at
a plate edge opposite the hinged plate edge, the spring biassd to maintain the
plate in a position in which the endoscopic tocl is engaged by a wall of the
plate passage, and the plate being connected to a pull cord extending
proximally through the endoscope channel to a prd:u'mal end of the endoscope
for opposing engagement. of the tool when the cord is proximally actuated.

36. The endoscopic tool restraint of claim 1 wherein the restraining
member comprises a restraining bushing disposed distally to the endoscope
channel] distal port and elastically connected to a bushing housing that
accommodates rotation of the bushing, the bushing including a passage that
can be aligned with the endoscope distal port by rotation of the bushing, and
the bushing being connected to a pull cord extending proximally through the
endoécope channel to a proximal end of the endoscope for rotating the bushing
when the cord is proximally actuated.

37. The endoscopic tool restraint of claim 1 wherein the restraining
member comprisés’ an elastically deformable gripper sidewall connected to a
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restraining cap over the endoscope channel distal port, the gripper sidewall

inchuding a pivot partion at which the sidewall can pivot proximally toward the
endoscope channel distal port, a pull cord connected to the gripper sidewall

and extending proximally through the endoscope channel to a proximal end of
the endoscope for rotating the sidewall when the cord is proximally actu_ated .

38. The endoscopic tool restraint of claim 38 wherein the restraining
cap includes a contact wall opposite the gripper sidewall and extending for a
length sufficient to enable engagement of the endoscopic tool between the
gripper sidewall and the contact wall when the gripper sidewall is rotated.

39. The endoscopic tool restraint of clairn 1 wherein the endoscope
channel distal port comprises a side-view distal pork

40. The endoscopic tool restraint of claim 1 wherein the endoscopic
channel comprises a plurality of ehannels, the endescopic tool distally A
advanced and proximally retracted through a selected one of the channels. -
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